The initial value problem of generation of surface water waves by a harmonically oscillating plane vertical wavemaker in an infinite incompressible fluid under the action of gravity and surface tension is investigated. In the asymptotic evaluation of the free surface depression for large time and distance, the contribution to the integral by stationary phase method gives rise to transient component of the free surface depression while the contribution from the poles give rise to steady state component. It is observed that the presence of surface tension sometimes changes the qualitative nature of the transient component of free surface depression.
1. INTRODUCTION. The forced waves produced by a time harmonic plane vertical wavemaker was treated by Havelock [1] long back within the framework of linearized theory of water waves assuming the irrotational motion of the liquid. Later Rhodes-Robiason [2] extended the same problem to include the effect of surface tension and obtained the solution of the boundary value problem using a method based on the application of Green's integral theorem. Recently Faltas [3] solved the initial value problem of generation of surface waves by harmonically oscillating vertical wavemaker using the generalized function method and also presented the asymptotic behavior of free surface depression for large time and distance.
The present paper is an extension of the problem considered in [3] to include the effect of surface tension at the free surface. An asymptotic analysis of the free surface depression for large time and distance is presented.
FORMULATION OF THE PROBLEM.
We are concerned with the transient development of the two dimensional surface water waves generated by a harmonically oscillating plane vertical wavemaker in the presence of surface tension at the free surface. We use a rectangular Cartesian coordinate system in which the origin is taken at the 'edge' where the wavemaker meets the free surface and y-axis is taken vertically downwards so that y 0, x > 0 is the undisturbed free surface and x 0 is the wavemaker. In the undisturbed state the fluid occupies the region x _> 0 and 0 _< y _< h, h being the depth of the fluid which is assumed to inviscid and incompressible. The motion in the fluid is generated by forced harmonic oscillation of the wavemaker along the horizontal direction which is switched on at -0 so that the horizontal velocity of the wavemaker is given by V(y, t) Vl(y)e-iatH(t) where ul(y is an arbitrary function of y,a is the frequency and H(t) is the Heaviside function.
Since the motion starts from rest, it is irrotational and can be described by a potential function (x,y, t) which satisfies the following initial value problem described by 2=0 in 0_<x<oo, O<_y<_h,t>O, where r/= y(x,t) is the free surface depression, g is the gravity and Tis the co-efficient of surface tension, the wavemaker condition c9--U(y, t) Vl(Y)e-iatg(t) on x 0, > 0, (2.4) the initial conditions r/= 0 at t=0 and also, the edge condition prescribing the free surface slope at the wavemaker as (t)= l-/(t) where X is a known constant. Note that q% is scontinuous at the edge since
so that (x, y, t) is wetly sing at the edge (ct es-Robinson []). Here we sume that d y e generMized functions of x in the sense of Lighthill [5] Now a'(0) (gh) 1/2 while a'(k) + oo as k oo, also a'(k) is positive for large k. Hence a'(k) has a finite number of local maxima and minima in the range [0, oo). In particular, for M/h 2 .075 it is observed that a'(k) has one maximum and one minimum in [0,oo). Now if the value of x/t is less than the global minimum of a'(k) then there is no root of a'(k)= in the range [0, oo) so that there does not exist any transient part of free surface depression whereas for x/t greater than the global minimum of a'(k) there exists a finite number of stationary points. It may be noted that in the absence of surface tension, a'(0)= (gh)1/2, a'(k)--, 0 as k-oo and a"(k)> 0 for k > 0, so that a'(k) x/t has a unique positive root if x/t < (gh) 1/2. Now 15 can be evaluated as Employing the stationary phase method we calculate the transient part of J as MA1 fl(ks) } dtr" j 2rto?'(kj) { ' l + Mk (4.6) l . f e-i{a(kj)tkjz x/4} -i{a(kj)t kjz + Now a(k) becomes positive infinity at k 0 and decreases sharply in the right neighbourhood of the origin. As k becomes large it becomes positive infinity again. However a(k) remains positive for k > 0. Hence there exists a global minimum of a(k) which is positive. If x/t is less than this minimum value, then there is no real positive root of (5.3). However, if x/t is greater than this value, then there exists almost four real positive roots. Again we note that if M is small so that its square and higher order can be neglected, then 
